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The buildings in which the tests for this paper were con­
ducted belong to the group owned by the University of Illinois, loca­
ted at Urbana, 111., heated from a Central Station, steam being dis­
tributed through pipes in a system of tunnels.
The exhaust steam of the engines of the University electric 
plant is used in connection with live steam from the station.
The central station boiler house contains a battery of boilers
as given below;
NO. MAKE TYPE H. P.
1 «• Babcock & Wilcox Water tube : 150
1 •# Eabcock & Wilcox W a t e r  tube ; 150
1 •• Robison Sc Burr Horizontal Tubular: 120
1 • Eabcock & Wilcox Water tube : 220
1 •• National Water tube : 250
1 •• Babcock & Wilson Water tube : 220
TOTAL.............. ......... 1110
The buildings are built on practically level land with no
vind protection except what they afford each other. Test s were con
ducted in; Engineering Hall, Natural History Building and Machinery
Hall. Their location in the group is shown by diagram No .1.
The object of this work is to get a series of condensation 
tests on different types of steam heating systems under ordinary
4I>817

conditions. As a standard of comparison the results will be reduced 
to the number of pounds of steam condensed per hour per 1,000 cubic 
feet of space heated.
Ordinary conditions as regards pressures etc. were maintained 
during all the work. In order to obtain all variations in weather 
conditions possible the tests were begun in the middle of winter and 
continued as long as steam was required in the buildings.
The instruments used in this work were of standard m«.kes and 
carefully calibrated. During the tests such external conditions as 
wind, weather, etc. that would effect the condensation were closely 
observed and recorded.
ENGINEERING HALL.
This building is a four story stone and brick structure, lo­
cated as shown in the diagram in about the center of the group. It 
is divided into offices, recitation rooms and labratories having a 
total of ninety-two rooms and corridors.
The heating system of the building is one in which the conden­
sation is carried through the steam pipes, but has the steam and con­
densation passing in the same direction. Diagram No.2 is a diagram- 
atic representation of such a system. In order that the steam and 
condensation shall pass in the same direction the supply riser (R), 
an 8 inch pipe is carried to the top floor before connections for any 
feeders are made. All radiators are supplied only from down pipes.
On the top floor (which is an unused attic) the riser feeds a 4-1/2 
inch pipe running north and south the length of the building. Prom 
this at intervals 3-1/2 inch pipes crossing the building east and 
west are taken off. These feed two inch down pipes to the radiators. 
The condensation is collected into two three inch return pipes.
The steiun enters the building, from the tunnel on the east
1
side of the sub-basement and passes through a "Davis" pressure regu­
lator before entering the riser.
The condensation is trapped out by two Davis traps and is a- 
gain pumped, through pipes in the tunnel, to the boilers. The tunnel 
main, riser and all pipes on the top floor are protected from radia­
tion by magnesia covering. The direct radiators are cast iron of or­
namental design of various heights. Each radiator is provided with 
an automatic air valve. The indirect radiators are wrought iron of 
the vertical tube return bend pattern, put together with screw 
joints. They are located in niches under the windows.
Table No.l gives the proportions of the radiation by floors 
for the building. The table compares the amount of radiation actualy 
in the building with what is required as calculated by Mills rule. 
Columns 1 to 10 giving the amount in actual use and 11 to 15 the 
amount required as calculated.
NATURAL HISTORY BUILDING.
The Natural History building is on the extreme east of the 
group. It is a stone and brick structure, divided into rooms used a z  
offices, recitation rooms and labratories. Like the Engineering Hall 
heat is distributed through a system in which the steam and condensa­
tion pass in the same direction. However in place of a single riser 
earring the entire supply of steam to the top floor the feed pipe 
makes a circuit in the basement suppling several risers. Diagram 
No.3 is a diagramatic representation of the system of piping.
Steam enters the building from the tunnel, on the west side, 
through a six inch main, passes through a Davis pressure regulator 
and is divided in two 5 inch feed pipes. Each feed pipe makes a cir­
cuit of half the basement and supplies steam for half of the radia­
tion of the building.
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The radiators of the different floors are arranged one above 
the other and for each set of radiators a 2-l/z inch riser leaves a 
feed pipe in the basement runs to the top floor and returns, all 
radiators being supplied from down pipes. A three inch return pipe 
follows each feed pipe in the basement receiving the returns from the 
down pipes to the radiators. The condensation is trapped out by two 
Davis steam traps.
The radiators in the rooms are pin radiators indirect type 
made of rough cast iron. They are located against the out-side walls 
and are enclosed by wooden cases. On each radiator case next to the 
wall, connection is made with a ventilating duct (of which there are 
fourteen in the building). On the fron of the cases just above the 
floor are registers to allow air from the room to enter and be re­
heated. The tops of the cases are covered by registers and each 
case is provided with a metal wall shield to direct the heat into the 
room. During all tests on the ouilding the ducts to the ventilating 
shafts were closed.
The corridors are provided with direct radiators made of cast 
iron of ornamental design. Each radiator is provided with an auto­
matic air valve. Radiating surface in the basement is supplied by 
2 inch wrought iron pipes suspended from the ceiling, also from the 
feed and return pipes.
Table No.2 gives the proportion of the heating apparatus in 
the building.
MACHINERY HALL.
Machinery Hall is a long one story brick building. It is pro­
tected from the wind on the south by the building containing the el­
ectrical and steam labratories and the Central Heating Plant and on 
the north by^  the University lumber sheds.
It contains besides the Machine Shop, two offices, one recita­
tion room, a foundry and forge shop. Steam is distributed over the 
building by a system of piping similar to the one shown in Diagram 
No. 1.
The offices and recitation room have four cast iron radiators 
of ornamental design. The remainder of the radiators are made of 
straight wrought iron pipes, l-l/4 inches in diameter, connected at 
the ends by headers. The machine shop has eight extending around the 
walls, four close to the floor and four at the top of the walls. The 
Foundry has three located close to the floor and the Forge shop, two 
also near the floor.
Steam is carried by a 4 inch riser, in the west end on the 
building, from the basement to the top, then the length of the build­
ing /in a feed pipe. All radiators are supplied from down pipes. In 
the Machine Shops two 2-l/2 inch pipes lead off to the eight radiat­
ors. After the top radiators are fed the pipes are reduced to 2 
inches. The steam main after suppling the Machine Shop is reduced to 
3 inches. Feeding the Foundry next, it is again reduced to a 2 
inch pipe to supply the Forge Shop. An 1-1 inch return pipe from 
each radiator enters a 2 inch main return in the basement.
Each radiator is provided with an automatic air valve. steam 
pressure on the building is regulated by a Davis pressure regulator. 
Condensation is trapped out by a Davis steam trap.
Proportioxi of Heating Apparatus in Machinery Hall.
Proportions of Building.
Cubic feet of air space : 219200
Square feet of out-side wall . : 22365
Square feat of glass 2490
Square feet of Radiation.
Direct from exposed pipe •• 2900
Square feet of radiation on account of
Cubic feet of space Cu.pt. •• 1096
(Mills) Out-side wall
” 200
Sq. Pt. *• 1118
20
Glass area Sq • Ft. • 1235
Total square feet oi
2
‘ radiation-------- • 3449
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7E X P E R I M E N T S
Diagram No.3 shows the method of measuring the condensation 
in the Engineering Hall, Pipe D D> is the return carring all the con­
densation after it leaves the traps. A By-pass in vhich a water meter 
was inserted was put in so that by opening valves £ and B_ and closing 
valve A all the water of condensation from the building would pass 
through the meter. Pipe E was used for meter calibration and during 
the tests valve P was closed.
Before any tests were t hen, the meter was placed in the By­
pass and carefully calibrated. The method of calibration was as 
follows: a steel tank with a capacity of about 700 lbs. of water was 
placed on a platform scales to catch the discharge from the pipe 1. 
This tank was first filled about half full of cold water, to condense 
steam raising from the water of condensation, then tank and water 
were balanced on one beam of the scale. A meter reading was now taken 
and valves £ and P opened and valves A and B closed allowing the water 
of condensation to flow into the tank, when the tank was full 
valves £ and £ were closed and valve A opened again sending the water 
through return pipe d \  Another meter reading was now taken giving 
the amount of water passed into the tank as recorded by the meter.
The tank was again weighed and by observing its temperature the ac­
tual amount of water wich passed through the meter could be calcu­
lated.
This operation was repeated fifteen times. The observations 
made,and error in the meter readings in per cent, are as follows.
The condensation in the Natural History Building was measured
by the same meter put in a Ey-pass similar to the one shown in

8diagram Ho.3 for Engineering Hall.
Condensation of Machinery Hall was measured by an arrangement 
as shown in diagram Ho.4.
P is the pipe from the trap. The capacity of tanks T-j_and ?£ 
was carefully determined. During the test they were filled alter­
nately by means of the valves A and B. As one filled the other was 
emptied.
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L I E  R A T I O N
of
SCHAEFFER AND BUDENBURG METER NO. 533.
10101 O-O-O-O-O-O-0-0-0 -o-o-o-o-0-0-0-0-o-o-o- o-o-o- o-o-o-o-o-o-o-o-o-
METER READINGS : WATER IN TANK ERROR IN PER CENT
No. : 1st. ; 2nd. :
♦è
Diff.in: Wt. : Temp.: Cu. ft .: High : Low
•« • • • • Cu.ft.: : • • • »
-0-0- 0-0-0-0-0-0-0-0-0 -o-o-o-o-o-o-o-o-o-o-o- o-o-o- o-o-o-o-o-o-o-o-o-
1 : 450.5 : 455.5 :
•
5 :322.5 : 144°F: 5.26 : : .052
2 : 455.5 : 462.75: 7.25 :427. : 143 : 6.94 : .042
3 : 463. : 470.25: 7.25 :447.75: 143 : 7.30 : : .006
A •«*■ » 470.25: 477.25: 7.00 :435.5 : 144 : 7.10 : .014
5 : 477.25: 484.75: 7.50 :442.75: 142 : 7.25 : .040 :
6 : 485. : 492.25; 7.25 :442.25: 144 : 7.21 : .055 :
7 : 492.25: 500. : 7.75 :462.5 : 144 : 7.54 : .028 :
8 : 500. : 508. : 8.00 :473.5 : 143 : 7.71 : .040 :
9 : 508. : 515.25: 7.25 :439.00: 144 : 7.16 : .012 :
10 : 515.25: 522.9 : 7.75 :452.75: 144 : 7.37 : .051 :
11 : 522.9 : 530.1 : 7.20 :438.00: 142 : 7.14 : .008 :
12 : 595.75: 602.8 : 7.40 :448.50: 142 : 7.31 : : .008
13 : 602.8 : 610.2 : 7.40 :442. : 143 : 7.21 : .027 :
14 : 610.2 : 617.25: 7.05 :437.75: 144 : 7.14 : : . 0.12
15 : 617.25: 624.5 : 7.25 :431.75: 143 : 7.04 : .029 :
Total------- -: .290 : .134
Average ,0Ì0 High.
-o-o- o-o-o-o-o-o-0-0-0 -o-o-o-o-o-o-o-o-o-o-o- 0-0-0- o-o-o-o-o-o-0-0-0-
The steam pressure on the «building was ascertained by con­
necting a steam gage to the main feed pipe just after it left the 
pressure regulator in the sub-basement. The gage used in all these 
experiments was of the Schaeffer and Eudenburg make and was calibrat­
ed to read accurately on a standard square inch tester in the Univer­
sity Steam Labratory.
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T E S T  N 0.1. 
ENGINEERING HALL--JAN., 11, 1901.
-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-
: METER
No: TIME : READING
• •• »
-o-o-o-o-o-o-o-o-o-
TEMPERATUPJBS.
OUTSIDE : INSIDE : COKDS.
: : WATER
-o-o-o-o-o-o-o-o-o-o-o-o-o
PRESS♦ 
o-o-o-o
WEATHER:
0 - 0 i 0 - 0 -
1 11:00 •34294.5 • 35 : 74.5 : 207 •6-3/41b Cloudy
2 10 -.34303. : ft « ft « tt • ft ft
3 20 :34311.25 : ft : 75.5 : n « ft ft
4 30 :34319. : ft • ft • ft : 6-5/8 ft
5 40 :34329.5 : ft • ft • tt * ft ft
6 50 :34337. : ft . ft • tt : 6-1/2 ft
7 12:00 :34344.75 : 34 : 75. : »f • ft ft
8 10 :34352.5 : ft • ft tt • ft ft
9 20 :34361. : ft • ft 207 ft tt
10 30 -.34371.5 -. ft : 75.5 : tt .  fi Snow
11 40 -.34379.25 : ft *  ft • ft • ft tt
12 50 :34387.25 : ft tt * tt • tt tt
13 1:00 :34396. : 33 • ft • 205 • ft tt
14 10 :34404. : ft : 75.5 : ft • ft ft
15 20 :34413.75 : ft • ft • tt : 6-3/4 ft
16 30 :34423. : 34 • ft tt : 7 tt
17 40 :34431.75 : tt • ft • ft . ft ft
18 50 :34441. : ft • ft . ft • ft tt
19 2:00 :34449.5 : ft .  ft • 209 k ft tt
20 10 :34458. : ft • ft ft : 7-1/4 tt
21 20 :34466. : ft : 75. : tt ft ft
11
0-0-0-
WIND
o-o-o-
it
t
ti
ft
tt
ft
ft
ft
ft
ft
ft
tt
ft
tt
tt
tt
tt
ft
-o-o-o-o-o-o-o-o-o-o-o-O-O-O-O-O-O-O-O-O-O-O-O-O-O-0-0-0-0-o-o-0-0-0-
: METER : TEMPERATURES. •STEAM
N o : TIME :READING :OUTSIDE : INSIDE : COEDS. :PRESS. : WEATHER -. WIND
»
-o- I0101o
• O 1o01oo
* o 1010101 o 0 1 0 1 0 1 0 1 o 
*
o 0 1 0 1 0 1 
•
0 1 0 1 0 1 010101O 
• 1O -o-o-o-
•7-1/2
light
22: 2.30 :34473.5 : 33 : 75. : 209 : snow : We s t
23: 40 :34484. : 1 : « : 208 • 1 • 11 • 1
24: 50 :34493. : 1 : 75.5 : " : 7-1/4 . 11 • fl
25: 3.00 :34502. : »1 • it • n * 1 • it • H
26: 10 -.34511. : 1 . n . H • ?1 . n • 1
27: 20 -.34519. : 1 : ” : 210 ♦ 11 * i « 1
28: 30 :34526.75 : 32 • »1 • it : 7-1/2 : 11 •
29: 40 :34536.5 : 1 • n • n 1 * 11 • 1
30: 50 :34546. : It • it • i : 7-3/4 * 11 • 11
31: 4.00 :34553.25 : 1? : 75.5 : 209 • 1 « 1 • 1
-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o- 
Duration of test five hours.
Condensed steam 1st. hour 50.25 Cubic Feet 3019.47 lbs.
" " 2nd. " 51.25 " " 3070.43 "
" " 3rd. " 53.5 " " 3207.32 "
" " 4th. " 5 3 . 5  " « 3101.24 "
" " 5th. " 51.25 " " 5067.80 »
Total-------------- -15546.26 "
o
Average Temperature of condensed water 1st. hour--------- 207 F.
" " " " » 2nd. " --------- 205°F.
o
" " " " " 3rd. " ---------- 205 F.
" " " " " 4th. " ---------- 209°F.
o
" " " " " 5th. " ---------- 209 F.
— ................. ......... 33°F.
---------- ------ --------- 75°F.
Average outside temperature—  
Average building temperature- 
Horse Power per hour required 10316
13
During the entire test the weather was cloudy with snow fall­
ing the last two hours.
The wind was light and blowing from the west the first half 
of the test increasing in velocity somewhat in the last half.
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T E S T  NO. I I. 
ENGINEERING HALL--JAN., 12, 1900.
Duration of test six hours.
Meter reading 9:15 A.M.-------35085.75 Cu
" " 3:15 P.M,-------35501.75 "
Total condensed water--------- 416. "
Average 1 " per hour
" temp, condensed water- 
" External temperature--
Et.
W
" 24014.
4135.7
o
207
lbs.
" building " ---------------------- 75
" steam pressure--------------------------- 8-1/2 lbs.
Horse power re uired per hour----------------  137.8
The weather was fair with a light wind from the west.
7e s i /¡/o, a
£?i y 1 77 e e r  / /
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T E S T  NO. I I I .
ENGINEERING BUILDING— JAN., 14, 1901.
Duration of test six hours.
Meter reading 9:16 A. M.-------57695 Cu. 3?t.
" " " P. M.-------57836 "
Total water condensed---- -— -—  141 " " 8434.6 lbs.
Average " " Per hour--------------- ------ 1405.7 "
Average temperature of condensed water ■------ :—  210°
o
Average temperature of external air---------------  63
Average temperature in building-------------------- 72°
Steam pressure------------------------ -------------  6-1/2 lbs.
Horse power required per hour---------------------- 46.8
The weather was fail*. Wind was light from the north east.
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T E S T  1T0. I V.
ENGINEERING HALL,— MAR., 6, 1901.
Duration of test nine hours.
Meter Reading 9:00 A. M.---- 54938 Cu. Et.
Meter Reading 5:00 ?. M.---- -55547 " "
Total water condensed-----------------------609 Cu. Et.36418.2
Average water condensed hourly------------------
" temperature of condensed water------------- £10
" external temperature--------------------------24°
M temperature in the building-----------------  75°
" steam pressure in pipes---------------------  8 lbs.
Horse Power required per hour------------ --------- 151.7
The weather was cloudy throughout the time, with a moderate 
wind blowing from the north-east.
-4652.2 lbs. 
o
ozi
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T E S T  HO,
Duration of test eight hours.
V.
Meter Reading 4:15 F. M.
Total w a t e r  condensed
Average water condensed hourly----
Average temperature of condensed water
Average temperature of external air----
Average temperature in building----
Average steam pressure in pipes.------
Horse Power required per hour---------
HA11,--MAP., 7, 
;
1901.
M.------55925.5 Cu. Ft.
------56254. ?! ?!
-------- 328.5 ft f t _______---22624.3 lbs.
2578.
210°
75w
5 lbs. 
107.9
During ti-e test the sun shown short intervals, but the sky 
was clouded over most of the time. A moderate wind blev/ from the 
north east.

1 8
T E S T  KO. VI. 
ENGINEERING HALL,— MAR., 27, 1901.
Duration of test six hours.*
Meter Reading 9:10 A. M.— --- 57025.5 Cu. Et.
Meter Pending 3:10 P. M.— --- 57211. ft ft
Total water condensed----- ---  185. ft ft
Average water condensed hourly-------
'* temperature of external ail---
" " " condensed water
" " in the building-------
11092. lbs. 
1848.8 «
40°
207°
75°
Steam pressure------------------------ --------------  3 lbs.
Horse Power required per hour----------------------- 61.6
The weather was partly cloudy the first three hours. The last 
three there was a light rain fall. A light wind from the north west 
blew.
(
9 : / ó ' /o.'/*- ////>» / i : / *
77 ;-?7e
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T E S T  NO. VII. 
ENGINEERING HALL,— MAR., 26, 1901.
Duration of test five hours.
Meter Reading 9:10 A. M.------ 57211 Cu. Et.
Meter Reading 2:10 P. M.------ 57412 n "
Total water condensed---------- 201 "
Average water condensed hourly-------
" temperature of condensed v/ater
" " ” external air---
" " " in building----
Steam pressure------------------------
Horse Power required per hour--------
12019.8 lbs.
2403.9 '•
210°
0
39
- 70°
3 lbs. 
60.1
The sun was hidden part of the time by scattering clouds. 
There was practically no wind.
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T E S T  I T O .  - 6
N A T U R A L  H I S T O R Y  B U I L D I N G - - F E B . ,  1 5 ,  1 9 0 1 .
- o - o - 0 - 0 - 0 - 0 - o - o - 0 - 0 - o - o - o - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - o - o - o - o - o - o - o - o - o -
NO. T T M E M E T E R
R E A D I N G
T E M P E R A T U R E S .
O U T S I D E I N S I D E C O N D E N S .
W A T E R
HEATHER WIND STEAM
-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-0-0-0-0-0-0-0-o-o-o-
1 8 : 3 0 * 5 7 7 . 3 0 7 5 1 9 7 F a i r
N . W .
2
2 4 0 •« 5 8 1 3 0 7 5 f1 ft * ft ft
3 5 0 *• 5 8 5 .
ft 6 3 ft ft . ft ft
4 9 : 0 0 : 5 8 9 . 2 9 6 2 ft ft • ft • ft
p . 1 0 • 5 9 3 . 2 5 3 2
ft ft ft .  ft ft
6 2 0 5 9 7 . 5 ft ft 1 8 7 ft . ft ft
ry
3 0 • 6 0 1 . 2 5
ft 6 3 1 8 6 ft • ft • 2 - 1 / O
8 4 0 • 6 0 5 . 2 5
ft ft ft ft • ft ft
9 5 0 t 6 0 9 . 2 5 3 4 6 2 1 8 7 ft • ft ft
1 0 1 0 . 0 0 #« 6 1 3 . 2 5 ft ft ft ft • ft . ft
1 1 1 0 m0 6 1 7 . 5 »» ft ft ft • ft ♦ 2
1 2 2 0 0 6 2 1 . 5 ft ft ft ft • ft « ft
1 3 3 0 : 6 2 5 . 5 ft ft 1 8 9 ft • ft « ft
1 4 4 0 6 2 9 . 5 4 0 * • ft ft ft - ft * 2 - 1 / 8
1 5 5 0 : 6 3 3 . 22 6 8 1 0 7 ft ft ft
1 6 1 1 . 0 0 • 6 3 7 .
f* ft ft ft .  ft ♦ ft
1 7 1 0 • 6 4 1 . 2 5 ft ft ft ft * ft ft
1 8 2 0 •• • 6 4 5 . 5 ft ft ft ft .  ft • ft
1 9 3 0 : 6 4 9 . ft ft ft ft • ft * ft
-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-
TEMPERATURES.
ITO. : TUCE : METER : 
READING :
OUTRIDE INSIDE: CONDENS.: 
WATER :
WEATHER :WIND : STEM
-0 - 0 -o-o-o-o- 0-Ü-0-0 -0 -o-o-o- o- 0-0-0-0-■o-o-o-o-o- o-o-o-o- 0 —0 — 0—c — o —0— 
N.W.
20 : 11:40 : 653. : 24 « 69 : 186 : Eair : Light : 2-1 /8  
S .¥.
2 1 : 50 : 656.75 : ft « ft ft ft : Li ght : fl
2 2 : 1 2 : 0 0  : 660.75 : ft • 72 189 : ft • t . t
23 : 1 0  : 664.75 : ft • ft ♦ ft . ft • ft . ft
24 : 20 : 668.75 : ft ft ft • t ft . t
25 : 30 : 672.75 : ft ft . ft ft « t « t
26 : 40 : 676.75 : ft ft • ft ft i ft • ft
27 : 50 : 680.5 : 26 73 : f« . ft * t • ft
28 : 1 : 0 0  : 685. : ft ft • ft • ft * ft • ft
29 1 0  : 688.75 : ft ft ft • ft . ft * ft
30 : 2 0 : 692.75 : ft V ft ft • ft « ft
31 30 : 6 8 6. : ft ft . ft t * ft • ft
32 : 40 : 700.5 : 28 ft ft ft « t • ft
33 : 50 : 704.5 : t ft « ft ft t « ft
34 : 2 : 0 0  : 709.5 : « ft • ft • ft • ft • ft
35 : 1 0  : 713. : « ft * ft • ft * t • ft
36 2 0 : 716.75 : t ft • ft ft • ft • t
37 : 30 : 720.75 : 27 70 : ft • ft « t • ft
- 0 - 0 “ 0 “ 0 - 0 - 0 - C - 0 - 0 * * ,0 - 0 - G - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - ' - 0 - 0 - 0 - 0 - 0 - Ú - 0 - 0 -
2 2
Duration of test six hours
Condensed steam 1 st. hour ------ 24.25 Cu. Ft.-------1608.2 lbs
Condensed steam 2nd. hour ------ 24.25 ft *•--------1608.2 n
Condensed steam 3rd hour ------- 23.5 ft "---------1558. 7 ft
Condensed steam 4th hour-------- 23.75 ft ii--------- 1574.0 I»
Condensed steam 5th hour-------- 23.25 ft ”--------- 1541.8 ft
Condensed steam 6th hour-------- 24.75 ft «--------- 1659.4 ft
Total condensed steam--- ---------- 9550.3 ft
Average temp, of the condensed water- ---------- 1Q9
Average outside temperature----- ---------- 28
Average temperature of building-- ----------  63
Horse Power required per houx---
The weather was fair through out the test. The wind was light
changing in direction from IT. We st to West •
ËfflU 11111111111111 ! 1 111 111 III 1 111 1 11 11111 i 111111 111 1111 fl 111 ím IwiliUwiffníl ! 11 mil III 1 iUI+ti+yjiuiirn In 11111 ÍTÍTIT^ f r ---------
& : 3 o  $'3o /o:3o ///So /¿'.So z:3o
7 ~/ / vi  e
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T E S T  HO. IX.
NATURAL HISTORY BUILDING— PEE. , 15, 1001.
Duration of test six hours.
Meter Reading 9:50 A. M.------ 51613.00 Cu. Ft.
Meter Reading 3:50 P. M.------ 51743.75 Cu. Ft.
Total water condensed--------   120.75 Cu. Ft,.-
Average water condensed per hour---------------
Average temperature of condensed water---------
" " " external ail-------------
" " in building---------------
Steam pressure----------------------- ------------
Horse Power required per hour-------------------
--7281.2 lbs.
1213.5
o
190
»1
2 lbs. 
4 1 .
The weather was cloudy with a light wind from the south-west.
ó o  / o ;  ¡ j o  f t .ó 'Q  / ¿ . . ¿ o  z : í>-o 3 : ira
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T E S T  110. X.
NATURAL HISTORY BUILDING— FEB. , 16, 1901.
Duration of test seven hours.
Meter Reading 8:50 A. M.------ 51749. Cu. Ft
Meter Reading 3:50 P. M.----- -51908. Cu. Ft
Total water condensed---------- 159. Cu. Ft
Average water condensed per hour-----------
" temperature of condensed water------
" " " external ait---- - ---
n n in building------------
steam pressure------------------------------
Horse Power required per hour--------------
8481.
1211.
-193r
28
76
2
■ 40
The first two hours of the test the v/eather was cloudy 
remainder ti was fair. Wind was light from the south-west.
8 lbs. 
7 "
lbs.
3
the
io 9 : io /o ,'4 o //.'do /z:óo 2 : 5 0  à.'jo
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T E S T  HO. XI.
NATURAL HISTORY BUILDING— PEE., 17, 1901.
Duration of test seven hours.
Meter reading 9:00 A. M.------- 51909.75 Cu. Et.
Meter reading 4:00 P. M.------- 52069.00 Cu. Et.
Total water condensed----------- 159.25 Cu. Et.-------- 8570.9 lbs.
Average water condensed per hour------------------ 1224.4 lbs,
" temperature of condensed v/ater--------------- 196°
" " " external air------------------- 35°
" ” in building----------------------- 72°
Steam pressure-------------------------------------- 2-1 /4 lbs.
Horse Power required per hour---------------------- 40.8
The weather was cloudy almost the entire time. Wind was light 
from the south-west.

¡ n
T E S T NO. XII.
NATURAL HISTORY BUILDING— FEB. , 18, 1901.
Duration of test six hours. 
Meter Reading 9:00 A. M.----- -52076.75 Cu. Ft.
Meter Reading 3:00 P. M.----- -52254.5 Cu. Ft.
Total water condensed-------- - 177.75 Cu. Ft-- — 10701.5 lbs.
Average " " per hour* -- 1783.6 "
o
temperature of condensed water-------------  194
" " external air------ ----------  18°
" " in building-------------------- G6°
Steam pressure-------------------------------------- 2-l/4 lbs.
\
Horse Power required per Hour---------------------- 59.4
The weather was fair at the opening of the test but. became 
cloudy in the third hour. The wind was strong from the north-west.
l o o  / oioc? /y :o o / ¿ ; o o  //oo t :  o o  3 loo
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T E S T  NO. XIII.
NATURAL HISTORY BUILDING— FEE. , 21, 1901.
Duration of test five hours.
Meter Reading 9:00 A. M.-52471. Gu. Ft.
Meter Reading 2:00 P. M.-52600. Gu. Ft.
Total water condensed---  129 Gu. Ft.------------ 7765.8 lbs.
Average " " per hour----------------------1553.1 "
" temperature of condensed water-------------  195°
o
" " " external air-----------------  2 2
" " in building--------------------  70°
Steam pressure---------------------------------- :—  2 lbs.
Horse Power required per hour----------------------- 51.7
The weather was cloudy continously throughout the test. Wind 
was light from the north-west.

2 8
T E S T  NO. XIV.
NATURAE HISTORY BUILDING— EBB., 26, 1901.
Duration of test six hours.
Meter Reading 0:15 A. M.----- 54236.75 Cu. Pt.
Meter Reading 2:15 P. M.----- 54352. Cu. Pt.
Total water condensed--------- 115.25 Cu. Pt.-------6025.041b
Average water condensed per hour----------------------1137.5 "
Average temperature of condensed water-------------- - 195°
o
Average temperature of external air-------------------- 28
Average temperature in building------------------------  70°
Steam pressure----------------------------------------  2 lb.
Horse Pov/er required per hour-------------------------  37.9
The weather was fair throughout the test. Moderate wind 
from the west.
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T E S T I T O .  X V .
-O-O-O-
PRESS.
0 - 0 - 0 '
TIME
MACHINE SHOPS--MAR., 2, 1901.
- 0 - 0 - 0 - o - o - o - o - o - o - o - o - o - 0 - 0 - 0 - 0 - 0 - 0 - o - o - o - o - o - o - o - o - o - o -
TAKK jTAMK sTEMP. OF CONDS, 
NO.I :N0.2 : WATER
TEMP OE EID.: EXT.TEMP.
-o-o-o-o-o-o-o-o-o-0-0-0-0-0-o-o-o-o-o-o-o-o-o-o-O-O-0-0-0-0-0-0-0-0-
5 : 8:15: TeS t Eegan •
fl : 8:45*. 6.94: 144
5-1/2 : 9:15: 6.70 130
5-1/2 : 9:45: 6.94: 146
fl :10:15: 6.70 132
tr :10:45: 6.94: 144
»1 : 11:30: 6.70 130
1» :12:15 : 6.94: 144
If :12 ; 50: 6.70 130
ft : 1:25: 6.94: 144
5-3 / 4 : 2:00: 6.70 142
fi : 2-35: 6.94 : 145
5 : 3:15: 6.70 144
Averages , ^emp . Cond Water-
»1 ft of Building-
H ft Ext. Air-----
-0-0- 1O»0101OO 0 - G - o- 0-0-0-0-0-0—0 —1
Total water contiensed 81 .84 Cu
Average " ft hourly-
Horse Power required 24.6 per hour.
Continuous lignt wind from the ea
76
76
70
70
72
72
75
75
76 
76 
78 
78 
76
40
ft
42
42
46
46
48
48
52
»I
48
40 • 
48
----------- 139 o
74°
46°
-O-O-O-O-O-O'
•5022.5 lbs.
• 740.8 •
8! i tr 9:/<>' /o’.ití z\i&
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E S T HO. XVI.
MACHIEE SHOPS--MAR., 8 , 1901.
- o - o - o - o - o - o - o - o - o - o - o - o - o - o - . - o - o -  - o - o - o - o -  - o -  - o - o - o - o - o - o - o - o - o -
PRESS. : TIME: TAHK •TANK :
: : NO. I :NO.2 :
TEMP. OP COHDS.
WATER
TEMP OP ELD. EXTER.TEMP.
- o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o -0-0-
4-1/2 : 9:10: Test Eegan. : 74 45
?« : 9:40: : 6.94: 144 : 68 f»
ft -.1 0 :1 0 : 6.70 : : 140 : 73 ft
H :10:40: : 6.94: 144 : 73 ft
5 :1 1 :1 0 s 6.70 : 140 : 70 48
: 11:50: : 6.94: 144 : 75 »1
n :12:30: 6.70 : : 140 : 75 • n
ft : 1 :1 0 : : 6.94: 144 : 73 50
»1 : 1:50: 6.70 : : 140 70 52
Averages, Temp. Conds. Water------ --- ---143°
" " Euilding----------------- 73
" " Ext. Air---------- '-------- 48°
-o-o-o -o-o-pi-o* o-o-o-o- o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-0-0-0-0-
Totul water condensed   54.56 Cu. Pt.-------3345.6 lbs.
Average water condensed---hourly---------------  694.1 "
Horse Power required per hour----- ?---- -------  23.13
Cloudy day with a moderate wind from the south-east changing 
to south-west i: the last two hours of test.
//o /o i/o //: / o vo /í/o /;*•©
MACHINE SHOPS--MAR., 30, 1901
-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-
T E S T  110. XVII.
PRESS.-TIME -TANK •TANK •TEMP. OE C01TDS.: TEMP OE ELD.: EXT. TEMP.
: : 1 1 0.1 jNO. 2 : WATER : :
-o-o-o-o-o-o-o-o-o-o-o-o-0-0-0-0-0-0-0-0-o-o-o-o-o-o-o-o-0-0-0-o-o-o-
1 : 6:40: Te s' Began 39
1 : 9:05: 6.94: 39
3 : 9:50: 6.70 : 71 39
3 :10:25: 6.94: 144 73 40
3 : 1 1 :0 0 : 6.70 : 143 73 ft
3 : 11:30.; 6.94: 143 • 73 ?»
3 :12:05: 6.70 : 145 80 »t
3 : 1 2 :25: 6.94: 140 83 »1
3 : i:1 0 : 6.70 : 144 79 43
3 : 1:55: 6.94: 141 79 46
3 : 2:33: 6.70 : 143 79 47
Averages, Terop. Contis. Water------------143°
" ” Building------------------   76°
" " Ext. Air---------------  41°
- 0 - 0 - 0 - 0 - 0 -  0 - 0 - 0 -  0 - 0 -  0 - 0 - 0 - 0 - O - O - O - o - o -  0 - 0 - 0 -  0 - 0 - 0 - 0 - 0 - 0 -  0 - 0 -  0 - 0 - 0  -  13-
Total condensed w a t e r------61.50 Cu. Et.------- 3771.16 lbs.
Average condensed water hourly-----------------  6 6 8 .6  "
Horse Power required 14.1 per hour.
A light rain fell continously with a light east wind.
A p d Ç, u O ~p Cl O ^ Jo Q A n J 13 -t o cj
02/
Ofr/
OS/
*9/y¿¿e
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T A B L E N O .  3
■Results Compared and Reduced to the Humber of Pounds of 
Steam condensed per 1,000 Cu. Pt. Space Heated per Hour. 
-o-o-o-o-o-o-o-o-o-o-o-o-o~o-o-o-o-o-o-o-o-o-o-o-o~o-o-o-o-o-o-o-o-o-
NO. OP
TEST
NAME OP BUILDING.
TEMPERATURES.
OUTSIDE BLD DIPP.
LBS. OP S T E M  PER 1000 
CU. PT.
SPACE HEATED PER HOUR.
POR TOTAL 
CHANGE IN
POR l°RAISHi 
IN
1
2
3
4
. 5 
6
7
8 
9
10
11
12
13
14
15
16 
17
Engineering Hall.
Natural History Bid,
Machine Shops.
0 1 0 1 0
 
••
 
<
1 o - o - 0 - 0 - 0 - o - o - o - o
TEMP.
- o - o - o - o - o - o -
T E M P .  
o - o - o - c
1 .  : 3 3 ' :  7 5 ; 4 2  : 4 . 1 6 . 0 9 9
3 3 : 7 5 • 4 2  : 5 . 5 6 .  1 3 2
6 3 : 7 2 • 9  : 1 . 8 8 . 2 0 0
2 4 :  7 5 • 5 1  : 6 . 0 9 .  1 1 9
5 0 :  7 5 ; 2 5  : 3 . 4 5 .  1 3 8
4 0 : 8 5 * 3 5  : 2 . 4 9 . 0 7 1
3 9 :  7 0 • 3 1  : 3 . 2 1 . 1 0 3
El . : 2 7 : 6 8 : 4 1  : 2 . 5 9 . 0 6 3
ft 3 6 : 7 6 • 4 0  : 1 . 9 7 . 0 4 9
ft 2 8 :  7 6 • 4 8  : 1 . 9 7 . 0 4 1
ft a 3 5 ¡ 7 2 ♦é 3 7  : 1.99 . 0 5 4
ft . 1 8 ¡ 6 6 • 4 8  : 2 . 9 0 . 0 6 0
ft • 2 2 ¡ 7 0 #« 4 8  : 2.53 .052
ft . 28 ¡70 • 42 : 1.85 .044
48 : 73 « 25 : 3.38 .135
46 ¡74 ♦# 28 : 3.16 .113
41 : 76 : 35 : 3.04 .086
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RULES, TABLES AND DATA 
for
PROPORTIONING HEATING APPARATUS.
The following, general principles, on heating were abstracted 
from"Schumann*s Manual of Heating and Ventilation":
Unit of heat:— As a standard term for measuring the amount of 
teat, absorbed or emitted during any operation; in the United States 
and Great Britian, it is the amount of heat necessary to raise the 
temperature of 1 lb. of ?/ater 1° Fahrenheit. Thus, to heat 50 lbs. 
of water 1° would require 50 x 1=50 units.
Specific heat:— As the capacity of a body for heat; it is the 
number of units of heat necessary to raise the temperature of the 
body, 1° Fahrenheit.
Transmission of heat;—
1. By radiation; that is, the heated body giving out its 
h.eat in rays.
2. By convection, the heat being conveyed from the heated 
body by flues. -
3. By conduction, the heat passing from a heated body to 
a colder one, when in contact.
Loss of heat or cooling bodies,— Bodies are cooled:
1. By radiation.
2. By contact,(with cold air, or a colder body).
3. By conduction.
Let T and T ^ =  temp, of air in room, see Pig. 1. 
t, t-j_ t £  and t3 =temp. of surfaces of walls. 
H be the heated body.
L]_= loss of heat by radiation. 
L2 =  loss of heat by contact. 
L^= loss of heat by conduction.
PIG. -1-
H will lose
1. Ey radiation (L^), when T = T;p = t2 = t3 t = tn;
2 . Ey contact (L2), when t > T = T ^ ;
3. By conduction (L3 ), when Tj,-= t , = t^ T = t = t 2;
when t,3 ^  T — Tp = t]_ = t = t2.
Loss of heat by radiation:--Radiation is not affected by the 
form of the body, nor by the distance of the absorbing body; it poss­
esses the property of passing theough moderate thickness of air or 
gases without heating them or losing any of its heat, to'any appreci­
able extent. Air and gases can, under ordinary circumstances, be 
heated by contact only.
"NOTATION"
L^ = Units of heat absorbed or emitted per square foot per hour 
by radiation.
r= Factor for loss of heat by radiation, from experiments of 
Feclet. See table _____
t = Temp. Fahr. of the radiating body.
35
t]_= Temp. Fahr. of the absorbing body.
L1 = 225 r (1.0043t”32 - 1.0043t|“32)
For small differences between t and say 60°, when t;j_ =  6Q0to
70°
L]L=r(t - tp). will be sufficiently accurate for all prac­
tical purposes.
3 6
VALUES OE r.
These values denote the radiating and absorbing powers of 
bodies, in units of heat per square foot, for a difference of 1 ° 
Fahrenheit, from experiments of Peclet:
TABLE *7
Copper 0.03270
Tin 0.04345
Zinc and Brass, poli shed 0.04906
Iron, tinned 0.08585
n sheet 0.09200
h Ordinary- 0.56620
?! cast, new 0.64800
ft sheet and cast, rusted 0.68680
Lead she e t 0.13206
Glass 0.59480
Wood sawdust 0.72150
Euilding stone, Plaster, Wood, Erick 0.73580
Paper 0.77060
37
Loss of heat by contact with air:--The heat absorbed from a 
body by contact with cold air, is not influenced by the nature of the 
surface, all materials losing the same amount, under similar condi­
tions of temperature; nor does the form of the body affect the re­
sults materially, as was formerly supposed (see Gru.shof, "Theoretis- 
che Maschinenlehre", 1675); the loss varies only with the more or 
less disturbed condition of the air in contact, which is expressed 
by the factor y =  4, for quiet air, and for more rapidly moving air, 
as continually renewed air in a room, y—  5 .
"110 TAT I ON"
L2 =loss of heat by contact per sq. ft. per hour.
t = temperature of the heated body.
T = temperature of the air in contact (average).
y=factor=4, for quiet air; 5, for moving air.
Then L2 =  0.09824y(t - T ) 1 , 2 3 3
For small differences between tp and T, say 30°, when T =  60°to
70°,
L2 =  .09824y(t - T) will be sufficiently accurate for 
all practical purposes.
Loss of heat by conduction:-~A wall separates two rooms, A & E 
A having a temperature of 70° and B, 40° there will then be a certain 
amount of heat transmitted through the wJl, from A to E; the amount 
transmitted varying with the material of which the wall is built, 
and its thickness, for similar conditions of temperature of the 
surfaces.
"NOTATION"
Let L3 =  loss of heat by conduction per sq. ft. per hour. 
t =  temp. of heated surface. 
tp=temp. of cold surface.
3 8
e=  thickness of body between t and t^.
c = conducting power of the material, being the quantity of heat 
transmitted per square foot per hour, by a plate 1 inch thick, 
the difference of temperature between the two surfaces being 
1 ° Fahr.
L3 =_c__(t - tp) 
e
Loss of heat through walls and windows, per sq. ft. per hour.
"NOTATION'’
c- conducting power of material, as per table /y0.3- 
e= thickness of wall or plate, in inches. 
r = radiating power of t e material. See table 
L2= 1 oss by contact of air, for a difference of 1°, as pre­
viously determined, 
q = r+ L2
T^temp. of internal air ( in room).
T2= temp of internal air, in adjoining room.
T^=temp. of external air.
t=temp. of internal surface of wall.
tjL= temp, of external surface of wall.
t2&t3 - temp of surfaces of wall, next to adjoining room. 
t4 = temp, of glass in windows etc.
U = total units of heat lost per hour, per sq. ft.
¥ = walls or windows.
Loss of heat through floors:--When the floor is exposed to 
external air, the loss of heat will be by conduction only, and the 
formulas for loss of heat through walls will apply, but when not so 
exposed this loss will be null.
Loss of heat through ceilings:— ¥hen the ceiling is composed 
of brick circles, concrete, or joists lathed and plastered, and
covered by a roof, the lose will be null; but when the roof forms tbs 
ceiling, and is either brick, concrete, slate, tin, glass, etc., the 
loss will be considerable by conduction, the same formulas applying 
as for walls etc.
Loss of heat through walls and windows-When all sides of the 
building are exposed.
3 T
y y y y y y y J J ^ J ^ y y
w
^  c
1
t  ~ r  t
7
/^ T )7 7 ? 7 ^ Z 7 7 7 T y 7 7 7
FIG. -2-
t =  m (elpT+ cTi) IscT; 
c(2 li + rT ■+” el£q
1 1  _  ct -p qeTi ; 
c + qe
U =  12(T - t)= c(t - t-, )=q(t1 - Tx )
e
=  - T1 )- locq(T - Ti )______
1 +  q £ ct2 lg +  5; ■+■ elgq 
c
When one side only of the building is exposed. See Fig. 3.
S/Vr W
NN\
71
1
7
77
FIG. -3-
When t2 = T
t — tg ■  U ! t ^ — -|- H »
q q
U = q ( T -  Ti -  Ti)  — c ( t -  t-1 ) 
2 e
—  r v 5 s -------
40
For wall, t3 = r (t2 -t)e 4- t2 ; T2=  r (t2- t ) + t 3
c 1 2
Loss of heat through glass (windows, etc.):--Windows, etc
thin glass not more than l/4 inch thick.
When T = t = t 2 , When T ^  t2,
tA =Tft!
(T-t)li>
t4 =  e f t+Tn
2 2
U =  q(T-t4) U =  l2 (T-t4) + r (t-t4)
When all sides are glass (conservatories).
When T > t 2
t4 = (l2 T) + (l2 +r)T ; U = l 2 (T-t4 ).
41
C O N D U C T I N G  P O W E R  O R  M A T E R I A L S .
Value c, being the units of heat transmitted per hour per sq. 
ft. of a plate 1  inch thick, the two surfaces differing in temp. 1 °.
TABLE
c-
Iron 233.
Copper 515.
Zinc 225.
Lead 113.
Marble, gray, fine grained 28.
Marble, white,coarse grained 24.4
Stone ordinary 13.63
Glass 6 . 6
Brick-work 4.83
Plaster, rodinary 3.86
Oak, perpendicular to fibres 1.7
Walnut, perpendicular to fibres .83
Pine " * " .748
Pine, parallel to fibres 1.37
Walnut " " " 1.4
Gutta percha 1.37
Double windows, glass not less than 2*’ apart 3.6
Stagnant air .3
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H E A T  E M I T T E D  
or
A B S O R B E D  
PER SQUARE ROOT PER HOUR.
TABLE /Vo.6
-O-0-0-0-0-Or0-0-0-0-0-0-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-0-0-0-0-0-0-0-
VALUES OE (t-T) 
-o-o-o-o-o-o-o-o-o-o-o-o-cj-0-0-0- 0101o»o01
VALUES
-O-O-O-G-
OE 1.0043t“32
G-Q-O-O-O-O-O-O-
When t-T =  10 =17.10 : When t or ti =  40 1. Q043t”3<= l . 034
20 40.19 50 1.079
30 6 6 .2 0 60 1.126
40 94.52 70 1.175
50 124.40 80 1.226
60 155.76 90 1.280
70 188.36 1 0 0 1.336
80 222.08 1 1 0 1.394
90 256.79 1 2 0 1.455
1 0 0 292.42 130 1.518
1 2 0 366.13 150 1.653
130 404.21 160 1.725
140 442.77 170 1.800
150 482.08 180 1.878
160 522.01 190 1.960
170 562.53 2 0 0 2.046
180 603.61 2 1 0 2.135
190 645.21 2 2 0 2.40
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When t-T= 200
210 
220 
230
t-32
TABLE<Vo.6 (CONTINUED)
When t or t1=230 1.0043
240 
250 
260 
270 
280 
290 
300
- o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o - o -
, ,1.233
(t-T) =687.34
729.95
774.83
816.61
2.338 
2.441 
2.548 
2. 659 
2.776 
2.898 
3.025 
3.158 
0-0-0-
it
Loss of heat by the incoming fresh air:--In ventilated rooms, 
where a certain amount of fresh air is supplied, and impure air dis­
placed, the heat necessary to raise the fresh air to a given temp, 
in the room, is equal to a certain loss per hour.
"NOTATION"
Let U =  Units of heat necessary to warm the fresh air.
T=temp. of the internal air, generally 10°
T^ =  temp. of external air.
Q=cubic contents of the room, in feet.
N =number of times Q is to be renewed per hour.
W=weight of a cubic foot of air, at temp, of T-j_.
S = specific heat of air.
U =  Q N W siT-Tx)
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S T E A M  P I P E S  
T A B L E  / V o  . 7
H E A T E D  B O D Y  O P  C A S T  I R O N ,  r  0 . 6 4 8  
H E A T ,  U ,  E M I T T E D  O R  A B S O R B E D ,  P E R  S Q U A R E  R O O T  P E R  H O U R ,  
-o-o-o-c-o-o-o—o-o-o-o—o-o-o-o-o-o-o—o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-
» 0 1 0 1 o
*01010101 101010101ot
■ o -
1010101o o -
01010101o 1 O 1 0 1 0 1 0 1 c 1
O»0101o
210  : 7 0 :  1 3 0 . 4 9 2 1 7 . 4 8 1 3 9 . 9 6  : 2 7 0 . 4 9  : 3 5 7 . 4 8
2 2 0  : ft :  1 4 2 . 2 0 2 3 7 . 0 0 1 5 5 . 2 7  : 2 9 7 . 4 7  : 3 9 2 . 2 7
2 3 0  : t* :  1 5 3 . 9 5 2 5 6 . 5 8 1 6 9 . 5 6  : 3 2 3 . 5 7  : 4 2 6 . 1 4
2 4 0  : ft :  1 6 5 . 9 0 2 7 9 . 8 3 1 6 4 . 5 8  : 3 5 0 . 4 8  : 4 6 4 . 4 1
2 5 0  : ft :  1 7 8 . 0 0 2 9 6 . 6 6 2 0 0 . 1 8  : 3 7 8 . 1 8  : 4 9 6 . 8 4
2 6 0  : ft :  1 8 9 . 9 0 3 1 6 . 5 0 2 1 4 . 3 6  : 4 0 4 . 2 6  : 5 3 0 . 8 6
2 7 0  : ft :  2 0 2 . 7 0 3 3 7 . 8 3 2 3 3 . 4 2  : 4 3 6 . 1 2  : 5 7 1 . 2 5
2 8 0  : ft :  2 1 5 . 3 0 3 5 8 . 8 5 2 5 7 . 2 1  : 4 6 0 . 5 1  : 6 1 0 . 0 6
2 9 0  : ft :  2 2 8 . 5 5 3 8 0 . 9 1 2 6 7 . 7 3  : 4 9 6 . 2 8  : 6 4 8 .  6 4
3 0 0  : ft :  2 4 0 . 8 5 4 0 1 . 4 1 2 7 9 . 1 2  : 5 1 9 . 9 7  : 6 8 0 . 5 3
-o-o-o-o-o-o-o-o-o-o-0-0-0-o-o-o-o-o-o-o-o-o-o-0-0-0-0-0-0-0-0-0-0-0-
FLOW OF STEAM IN PIPES.
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The pressure and temperature of steam in a pipe decreases with 
the length of the pipe and the heat lost per unit of time.
The loss of pressure in the pipe, caused by friction and the 
loss of heat, does not affect the question of Heating and Ventilation 
but the decrease of the temperature of the steam in the pipe, caused 
by friction, must be known to compute the amount of heat lost or 
emitted; and to compute the temperature we must know the pressure.
The following formulas give the diminished pressure at the end 
of long pipes, when the initial pressure in the boiler, and the 
quantity of water evaporated per hour, are given.
"NOTATION"
V =  volume of steam in cubic feet of the pressure, P^ from 
1 cu. ft. of water.
v=  velocity of the ste<um in the pipe, in feet, per second.
C =  number of cu. ft. of water evaporated, in the boiler per 
hour.
P=pressure of steam in the boiler, in lb., per square inch.
Pj — pressure of steun in the pipe, in lb., per square inch, 
at the distance 1_ from the boiler.
1  =  length of the pipe in feet, or distance from the boiler 
where P^ is required.
d= diameter of the pipe in inches.
a = sectional area of the pipe in feet.
f=  coefficient of friction.
h=head of steam for velocity vj, in feet. 
h^= vertical distance in feet from the boiler to the highest or 
lowest point that the pipe rises or falls.
g = accerleration due to gravity 32.166 
m — specific volume of the steam.
v = Vc Y2gh ; h = v2. ; m = V
3600a 2g 62.5
When the pipe rises from the boiler,
1 12
P1 = P 1  - (f d h+hi)P 144m
When the pipe falls from the boiler,
1 12
P1 = P 1  - 1  (f d h-hn )P 144m
For straight pipe without elbows,
f= 0.217 same as for air.
SIZE OF STEAM PIPES TO AND FROM RADIATORS.
"NOTATION"
R =  superficial area of radiating surface, in feet. 
D=diam. of flow pipe to radiators, in inches. 
d=diam. of return pipe from radiators, in inches.
P =  steam' pressure, in lb. per sq. in.
l=distance in feet from boiler to radiators or branch, 
w = weight of a cu. ft. of steam at pressure P.
D=y R~
184
D2yfF
1  w
R =  184 D^yPD 
w
1
d=Y  p 2
2
---------------------------------------------------------------------------------------------------------------------- 1
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The diameters of pipes and amount of radiating surface they 
will supply, given in the following tables for different boiler pres­
sures, computed from the above formulae, allow for all scources of 
retardation from fittings, such as elbows, valves, etc.
To determine the diameter of a supply branch pipe:--Find the 
area of radiators to be supplied, in the column of areas under dis­
tances from boiler; the dimension given in the first column on the 
some horizontal line will be the required size.
To determine the diameter of the main supply pipe:--In the 
column under distances from boiler, where a branch pipe is taken off, 
find the area of all radiators supplied from this point; the required 
size of pipe will be found in the first column on the same horizontal 
line.
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Diameter of Steam Supply Pipes and Sq. Ft. of Radiating Sur-
face they will 
Steam Pressure
-o-o-o-o-o-o-o-
DIAM. OF PIPE 
in
INCHES
furnish with steam from 9 to 
1 lb. per Sq. In. 215.5°
TABLE /Yo.6
■0-0-0-o-o-o-o-o-o-o-o-0-0-0- 
DISTANCE OF RADIATOR
625 feet from
o-o-o-G-o-o-o-
FROM BOILER 111
boiler
o-o-o-o 
' FEET.
•
-0-0-
9 : 64 : 1 0 0  : 225 : 324 : 400 : 484 : 625
sq.ft; sq.ft; sq.ft: sq.ft : sq.ft: sq.ft: sq.ft:sq.ft
1o)o010101o01 -0-0-0-o-o-o-o -0-0-0-o-c-c-o- 0-0-0-o-o-o-o- o-o-o^o -0-0-
3 / 4 146: 55: 44: 29: 24: 2 2 : 2 0 : 19
1 301; 113: 90: 60: 50: 41: 41: 36
1 -1 / 4 529; 198: 158: 106: 8 8 : 79: 72: 63
1 -1 / 2 832; 312: 249: 166: 139: 124: 113: 99
2 1707: 640: 512; 341: 284: 256: 233: 205
2 - 1  / 2 2982; 1118: 894: 596: 498: 447: 406: 357
3 4708: 1765: 1412: 941: 784: 706: 642: 565
3-1/2 6919: 2595: 2075: 1384: 1159: 1037: 943: 828
4 9146: 3429: 2743: 1889: 1524: 1371: 1247: 1097
4-1/2 12966: 4862: 3889: 2593: 2161: 1944: 1768: 1555
5 17005: 6377: 5101: 3401: 2834: 2550: 2319: 2040
6 26628: 9985: 7988: 5325: 4436: 3994: 3631: 3195
7 39150: 14684: 11747: 7831: 6526: 5873: 5340: 4698
8 54679: 20504: 16404: 10936: 9113: 8202: 7450: 6560
9 73659: 27622: 22098: 14731: 12276: 11049: 10044: 8836
10 95496: 35811: 28648: 19099: 15916: 14324: 13022: 11459
- Q - O - O - O - O - O - G - O - O - O - O - G - O - O - G - O - G - O - O - O - G - O - G - O - G - G - O - G - O - O - G - O - O - O -
—  
STE /
-O-O-O-O-O-O-G-
DIAM. OE P IPE  
in
I  ITCHES
TABLE / V o .  9
\M PRESSURE 3 LBS. PER SQUARE INCH, 
- o - o - o - o - o - o - o - o - o - o - o - c - o - o - 0 -0 -0 -  
DISTANCE OE RADIATOR EROM
2220.
G -0 -0 -0
BOILER
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- o - o - o - o - o - o -
m EEET.
9 : 64 : lo o  : 225 : 324 : 400 : 484 : 625
s q . f t : s q . f t . : s q . f t . : s q . f t . : s q . f t . : s q . f t . : s q . f t . : s q . f t .
1 0 1 0 1 0 1 0 1 0 1 0 1 o O*O01010101O -O-O-G- 0 1 0 1 0 1 0 - 0 -0 -0 - O 1 O 1 O 1 O - 0 -0 -0 - 1O01
3/4 240 : 90 : 72 : 4 8 : 4 0 : 3 6 : 3 2 : 29
1 494 : 185 : 148 : 9 8 : 8 2 : 74 : 68 : 59
1-1/4 863: 324 : 259 : 172 : 144 : 129: 118 : 103
1-1/2 1361: 510 : 408 : 272; 226 : 204 : 185 : 163
2 2796: 1049: 839 : 559: 466 : 419 : 381 : 335
2-1/2 4884: 1831: 1465: 977: 814 : 732: 666: 585
3 7700: 2887: 2310: 1540: 1283: 1155: 1050: 924
3-1/2 11323: 4246: 3097: 2264: 1887: 1698: 1544: 1358
4 15819: 5932: 4745 : 3164: 2636: 2372: 2157 : 1898
4-1/2 21226: 7959: 6368: 4245 : 3537: 3184: 2894: 2547
5 27997: 10361: 0289: 5599: 4666: 4144 : 3768: 3315
6 44230: 16586: 13269: 8846: 7372: 6634: 6031: 5307
7 64013: 24005: 19204: 12802: 10668: 9602: 8729: 7681
8 89615: 33605: 26884: 17923: 14936: 13442: 12220: 10754
9 : 120295: 45703: 36082: 24050: 20046: 18041: 16401: 14433
10 ; 156277: 58604: 46883: 31255: 26046: 23441: 21310: 18753
1 O 1 O t O O f O 1 O O O01010101O»O - 0 -0 -0 - 01O01O 1010101 01O01O 1010101 161010
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TABLE /Vo. / o
STEAM PRESSURE 5 LES., FER SQUARE INCH. 227.5°.
« 0 1 0 1 0 1 0 1 0 1 o o O 1 O 1 0 1 0 1 0 0 1 0 1 O 1 C O t 01O!01O »010101 O 1 O 1 O 1 O 1 0 1 0 1 0 1 .0-0-0-
DIAM. OE PIPE
4 -n
DISTANCE 0E RADIATOR ER0M BOILER IN EEET •
XII
INCHES
-0-0-0-0-Q-0-0-
9 1 
sq.ft:
-0-0-C-
64 : 
sq.ft : 
0-0-0-
1 0 0  : 
sq.ft: 
- - - -
225 : 
sq.ft:
0 —( -o-<
324 : 
sq.ft : 
-0- - -
400 : 
sq.ft:
0 — 0 —0 — 0 ■
484 : 
sq.ft: 
-o-o-o-o
625 
sq. ft 
-0-0-
3/4 288: 1 1 0 : 8 8 : 59: 48: 44: 44: 35
1 604: 224 : 181: 1 2 1 : 100: 90; 90: 92
1-1/4 1058: 397: 317: 211: 176: 135: 158: 127
1-1/2 1669: 626 : 500: 334 : 278: 227: 250; 200
2 3434: 1288: 1030: 686: 572: 468: 515: 412
2-1/2 5980: 2242: 1794: 1196: 996: 815: 897: 717
3 9436: 3539: 2831: 1887: 1572: 1290: 1415: 1132
3 -I / 2 13899: 5212: 4170: 2779: 2316: 1895: 2085: 1667
4 19430: 7286: 5729: 3886: 3271: 2649: 2914: 2331
4-1/2 25958: 9734: 7737: 5191: 4326: 3540; 3893: 3114
5 35133: 13175: 10540: 7026: 5855: 4791: 5270: 4216
6 53433: 20037: 16030: 15686: 8905: 7286: 6015: 6412
7 78439: 29414: 25531: 15687: 13076: 10651: 12765: 11412
6 :109517: 41066: 32855: 21903: 18253: 14934: 16427: 13142
9 :137053: 55144: 44116: 27410: 25642: 20052: 22058: 17646
10 1191360: 71760: 57408: 38272: 31893: 28704: 26094: 22963
» O 1 O I 0 1 0 1 0 1 0 1 O -0-0-0-o-o-o-o -0-0-0-o-o-o-o -0-0-0-o-o-o-o -o-o-o-o -O-O-
ST EJ
-o-o-o-o-o-o-o-
DIAM. OT PIPE 
in
INCHES
1
T/IB LE
m  PRESSURE 10 LES.,
•O-O-O-O-O-Q-O-O-C-C-
D1STANGE OF
N o n
PER SQUARE INCH. 240°
0-0-0-0-0-0-0-0-0-0-0' 
RADIATOR FROM BOILER
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•
-o-o-o-o-o-o- 
ITT FEET.
9 : 64 : 100 : 225 : 324 : 400. : 484 : 625
sq.ft: sq.ft: sq.ft: sq.ft: sq.ft: sq.ft: sq.ft : sq. ftO01OîO»010101 01010101O!0101 -0-0-0-o-o-o-o -0-0-0-o-o-o-o !010101 0-0-0-
3 / 4 366: 137: 109; 73: 61: 55: 50: 44
1 752: 282: 225: 150: 125: 112: 102: 90
1 -1 / 4 1312: 492: 393: 262: 218: 196: 179 : 157
1 -1 / 2 2074: 777: 622: 415: 345: 311: 281: 249
2 4244: 1591: 1273: 848: 707: 636: 578: 509
2 -1 / 2 7436: 2788: 2231: 1487: 1239: 1115: 1014: 892
3 11702: 43 8: 3510: 2340 : 1950: 1755: 1595: 1404 ;
3 -1 / 2 17205: 6452: 5161: 3441: 3884 : 2580: 2346: 2064
4 24042: 9016: 7212: 4808: 4007: 3606: 3278: 2884
4-I / 2 32292: 12109: 9687: 6458: 5382: 4843: 4403: 3873
5 42013: 17505: 12604: 8402: 7002: 6302: 5729: 5040
6 67564: 25337: 20269: 13513: 11260: 10134: 9213: 8107
7 97372: 36514: 29211: 19474: 16228: 14605: 13278: 11684
8 :136209: 57078: 40862: 27242: 22701: 20431: 18574: 16344
9 :182955: 686Ü8: 54886: 36591: 30492: 27443: 24938: 21954
10 :237973: 89240: 71392: 47594: 39662: 35696: 32451: 28556
1 0 1 O 1 0 1 0 1 0 1 O O 1 0 1 0 1 0 1 0 1 O 1 O » O -0-0-0- 010101O -0-0-0- 0101OO -0-0-0-0-0-0-
The following in an extract from a translation of German For­
mulas and Tables for Heating, by J. H. Kinealy, to determine the 
heating surface required.
TO DETERMINE THE HEATING SURFACE REQUIRED.
The German engineers recognize several different systems of 
heating, some of which are like those in common use in this county 
and one or two of which are different, but in determining the amount 
of heating surface required for any system to supply the heat lost by 
a room per hour they follow the same general method. They determine 
by calculation or other wise the amount of heat that will be emitted 
per hour by each square foot of radiating surface and divide this by 
the total amount required. Hence if H is the heat required per hour 
by a room, h is the heat emitted per hour per sq. ft. radiating sur­
face, and S_ the number of sq. ft. of heating surface required, we
have, S =  H .
h
Steam heating systems are divided into high pressure and low 
pressure systems, according to the pressure of the steam in the pipes 
The high pressure systems may carry any pressure as high even as 75 
or 90 pounds by the gauge, while the low pressure systems may not 
carry mere than 7.5 pounds, one half an atmosphere, by gauge. The 
high pressure systems are subject to official inspection and super­
vision, while the low pressure systems are not. This is very similar 
to the distinction often made in this country, where boilers carry­
ing higher pressure than 15 pounds by the gauge are subject to the 
inspection and supervision of the city officials, and the users of 
such boilers must employ licensed engineers.
The German engineers make about the same distinction between 
direct radiation and indirect radiation that we do, although they in­
clude all heating done by indirect radiation under, "Air heating,"
5 3
5 4
just as they do furnace heating.
VALUES OF h
As usual, the German engineers have a method of calculating 
the amount of heat which will pass through 1  square foot of heating 
surface per hour. They say that h=ct, where c is a constant depend­
ing upon this kind of surface, the hot fluid, and the cold fluid; and 
t is the difference between the average temperatures of the hot and 
cold fluids.
According to Rietschel c_ has the following values for heat 
transmitted;
From air or smoke through a clay plate about 3/8" 
thick to air.
From air or smoke through a cast iron or wrought 
iron plate to water, or the opposite.
From air or smoke through a cast iron or sheet 
iron plate.
From steam through a cast or wrought iron plate 
to air.
From steam through a metal plate to water.
In practice however, the German engineers usually take the 
value of c_ smaller than given above. This, of course, means using 
a factor of safety, as there are always many tilings which tend to 
make the value of h smaller than it might be.
1.00
26 to 4.0
1.4 to 2.0
2.2 to 3.6 
160 to 200
The v .lues of h which, according to Rietschel, are usually 
adopted for steam radiating surfaces are given in Tables,____
T A B L E  A / o . / fc
D I R E C T  R A D I A T I O N .
-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-
VALUES OE h.
5 5
HEATING SUREACE.
Low Press less 
than 7.5 lbs.
by
Gauge.
High press more 
than 7.5 lbs. 
by
Gauge.
-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-o-0-0-0- 
Smooth pipes,vertical. : 260 to 275 : 315 to 330
Smooth pipes,horizontal. : 275 to 295
Pipe coil. : 240 to 260
Cast iron,ribbed radiators. : 150 to 185
I N D I R E C T  R A D I A T I O N .
330 to 350 
295 to 316 
185 to 220
Pipe coiled not higher than 3*-3". 
Pipe coiled higher than 3’-3".
Cast iron ribbed radiator not;
higher than 3'-3".
Cast iron ribbed radiator 
higher than 3*-3".
405
370
280
450
430
325
315
- O - 0 - 0 - 0 - O - 0 - 0 - 0 - 0 - 0 - 0 ~ 0 - 0 - o - 0 - 0 - o - 0 - 0 - o - 0 - 0 - 0 - O - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 - 0 -
The cast iron ribbed radiators mentioned in the tables are 
apparently very inefficient; consisting of a rectangular box with two 
flat sides furnished with ribs inclined at an angle of about 45 de­
grees. These ribs are about 3/4 or 1 inch apart, and project about 
2 or 2 - 1  y2 inches from the surface of the radiator.
The vertical pipe radiators are made of short lengths of 
wrought iron pipe. They are very much like some radiators used in 
this country.
The values of h given by Rietschel are somewhat different 
from those given by Klinger, but it is unnecessary to give Klinger's 
values.
It is interesting to compare the values of h given in the 
tables with the values we usually employ in this country. usually
assume a value of h between 250 and 300 for low pressure steam 
systems where the pressure does not exceed 5 pounds by the gauge.
5 6  ' ‘
5 7
ESTIMATING THE HEATING SURFACE REQUIRED.
Klinger gives the following values for the number of cu­
bic feet of space that may be heated by 1 square foot of heating 
surface. These v .lues are to be used, of course, only in estimating 
roughly the approximate number of square feet of heating that will 
be required to heat a given building or room.
E I E I C T R A D I A T I O N .
Cu. ft. of room heated by 
~ 1 square ft. 
of
Radiator surface.
High pressure steam-- ------------------------------98 to 130
Exhaust steam from engine--------------------   82 to 98
Low press, steam,cast iron radiators--------------- 49 to 66
Low press, ste m ,wrought iron radiators------------- 98 to 130
It is probable that the cast iron radiators mentioned above 
are similar to those mentioned prevously, which are very inefficient, 
and that the wrought iron radiators are vertical pipe radiators.
In this country the method most employed in determining the 
amount of radiating surface required in a room or building is termed, 
"Mills Rule". The following is an abstract from, "Heat for the Warm­
ing and Ventilation of Buildings," by John H. Mills.
AMOUNT OF HEATING SURFACE REQUIRED.
In determining the amount of radiating surface necessary to 
properly warm a room, the cubical contents of the room play a small 
part, as compared to the exposure of the building as represented by 
the amount of outside wall and the glass in the windows, that by its
--------------- -------— —  ' —  1    ............ ............................ .............. .......... ........ .— ------- -----------------------------
material and thinness is continually dispersing heat,and finally, the
mode of ventilation, or the conveyance of heat from the room by
currents of air.
It will be seen that Table Mo. / g  (following) is for the wall 
and glass alone; the correction to be added for space is combined
with this in Table ho. /<?_, and the colored lines serve to show the
proportion of the radiating surface,thus obtained,to the cubical con­
tents of the room.
For sizes of buildings and rooms,not included,the general 
rule may be applied by which this table was computed; namely, one 
square foot of r „diating surface for each two sq. ft. of glass, for 
each twenty sq. ft. of outside wall,and for every two hundred cubic 
feet of space.
The estimate of the cooling effect of glass is that obtained 
from the experiments of Hood,and is adopted by Baldwin, Pafter, and 
others. A smaller estimate is made by Box for still air; but as air 
is seldom still, and as the effect of wind greatly increases the 
cooling,we have adopted the larger estimate,as more in accordance 
with extreme conditions,for which there must be provision.
The cooling effect of the exposed surface of the walls of a 
building will vary considerably with the material and thickness.
When lathed and plastered inside,it may be roughly assumed to be one 
tenth,that due to the same area of glass.
After having made allowance for the loss of heat through 
walls and glass, there still remains to be considered the he t re­
quired to provide for losses by the continual reception of cold air 
by opening foors and leakage through crevices and the porus material 
of which the building is constructed. To provide for these losses, 
and at the same time make some allowance for the contents of the 
........................ ...  .............................. ......... s
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room, an addition has been made to the heating surface of an amount 
sufficient to raise the temperature of all the air in the room once 
every hour from an outside temperature of 32° to the standard inside 
temperature of 70°.
Where rooms are used for special purposes, or require a large 
amount of ventilation on account of the number of persons present, 
or the uses to which the room is put, the above estimate will require 
modification; also the nature of the heating surface wil be a factor. 
"Thus, for example, if this room is warmed entirely by indirect radia­
tors with a forced current of air, more heat will be due to a given 
surface; and the above, which is made up on the basis of a uniform 
duty, will no longer apply.
The following estimate of the proportion of heating surface 
to space warmed is taken from Hood for different buildings heated by 
water. While it is considerably lower than the amount usually em­
ployed in American practice, being adapted to the English climate, 
it serves to show the comparative differences between buildings used 
for different purposes"Churches, one square foot of surface to 
from 80 to 160 cubic feet of space, according to the degree of ven­
tilation. Dwelling-houses, 1 to 70. Halls, shops, and waiting rooms 
1 to 80. V/ork-shops and manufactories, 1  to 1 0 0  or 140. schools, 
lecture-rooms, 1 to 120 or 140. Green-houses, 1 to 24."
The following tables were prepared to save computations, but, 
at the same time, take account of some of the principal factors in 
the demand for heat,— the glass, the outside wall, and the ventila­
tion.
In closing it will not be out of place to add some information 
on the general proportions of low pressure steam and water heating 
apparatus. The following is data given in Mills treatise on heating
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and ventilating.
GENERAL PROPORTIONS OP LOW-PRESSURE STEAM
and
WATER APPARATUS.
Table No.. / 0 "  has been prepared to show approximately the 
relative sizes of different parts of heating apparatus as required 
and used in practice with low-pressure steam and the closed tank sys­
tem of heating by water circulations.
It is also intended to give at one glance, and under the prop­
er heading, the relation of each part of a heating apparatus to the 
other. While not assuming that these ratios are those which should 
be applied in every particular case, they represent the general and 
average conditions, and the data that are applied, with certain mod­
ifications, which each particular case requires.
It should be explained that the letters where introduced into 
formulae in the headings-refer to the columns in the table bearing 
that number at the top; for instance, the horse-power corresponding 
to heating surface in the boiler of 250 square feet is B(250) divided 
by 15 16.7, as shown in column A opposite 250 in B.
This table (Ho. /  6~ ) will be found very convenient for .arch­
itects, builders and others, who desire to arrive at some detail of a 
heating apparatus without going through a number of calculations, or, 
when having some one or two items, they wish to arrive at the corres­
ponding relation of some other part.
Columns A & B show the horse-power of boiler, and the number 
of square feet of heating surface to supply the radiators, 1 foot of 
boiler surface being taken as equal to 6 feet of radiator. This
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allows for increased duty some times demanded. Fifteen square feet 
of the boiler surface are considered as representing 150 to 200 
square feet of water radiator.
The dimensions of the furnace and grate as given in columns 
E, F, and 6 show the area of flue sufficient to properly discharge 
the products of combustion. This is the key to the efficiency of the 
whole plant.
In this connection we.may remark that, while this table is put 
forward as only the approximate data, sirse, and relation for any 
particular case, that the results found have been checked up from 
many examples in the author*s(Mr. Mills) own construction.
Column H shows the distance that the radiating surfaces can be 
carried from the boiler with the sizes of supply(column I)
Columns K and L indicate the limits within which the number of 
one-inch branch pipes should fall. In column K the velocity is the 
same for the fluid in both main and branches, which with as many 
brancnes as are shown in column I, the friction is the same for equal 
lengths of both main and branches; thus the same volume of the heat­
ing fluid encounters equal resistance in passing.
Column N may be taken as porportional to the cost of the whole 
apparatus, the basis of estimate being $1.25 of cost for every sq. 
foot of radiation.
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